Sistema de Informacéao para Coligir,
Apresentar e Estimar Propriedades
Termoquimicas

Ana Isabel Lino Teixeira

[ateixeira@lasige.fc.ul.pt]

12 de Outubro de 2010




.

JERIGT

Sumario da Apresentacao

- Contextualizagcao
- Arquitectura do Sistema
- Funcionalidades do Therminfo:

o Pesquisa de Compostos

o Previsao de Propriedades:
- ELBA

- Direccoes Futuras




iy f{O)

Contextualizacao

Propriedades Termoquimicas

1. Permitem estudar a natureza das ligagoes quimicas (conteudo
energético):
- Correlacoes entre energia, estrutura e reactividade;

- fndices de perigosidade (seguranca laboratorial/industrial);

- Seleccao de equipamento e optimizagao de processos
industriais.

2. Determinacao experimental complexa, morosa, cara e muitas vezes
nao aplicavel.



Contextualizacao

A quimica como ciéncia empirica

- + 55 milhoes de compostos quimicos

- + 12 mil novos compostos/dia

Problemas:

1. Pesquisa de dados
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 Livros e artigos: morosa e complexa;

- BDs privadas: dispendiosa;

- BDs publicas: falta de dados e/ou dados criticamente

avaliados.

2. Disponibilidade de dados sobre propriedades termoquimicas



Arquitectura do Sistema
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Funcionalidades do Therminfo:
Pesquisa de compostos

Molecular Formula
Molecular ID

CAS RN

SMILES

[Type only numerical characters. Ignore letters and spedial characters. ]

This Search Method was already used 101 times

Structural Search e

Arquive Editar Ver Atom Bond Tools Templates
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Similar Structures, >=95%
This Search Method was already Similar Structures. >=90%

Similar Structures, >=80%

| Similar Structures, >=70%

|| Search

Advanced Search [mep

Compound

Name: Physical State: Al -
Molecular Molecular [ |
Formula: Weight:

[PFlease type Molecular Formula with atoms in CHXNOS (X = halogen) order]
Wildcard: ? represents one character

SMILES: Identical Structures -
Class: All -
Sub-Class: All -
Family: All -
Characteristic:
CH Groups O akane Alkene = Alkyne T Arene
[R-H] [R2C=CR3] [R-C=C-R] [Ar-H]
[ alcohol Ether [ peroxide al Aldehyde
[R-OH] [R-0-R] [R-0-O-R, R-0-OH] [R{C=0}H]
CHO Groups
7 Ketone T Carboxiic Add T Ester
[R{C=0)R] [R{C=0)0H] [R{C=0)0-R]
CHN Groups Amine Hydrazine ] mine Nitrile fIsoritrie
[R3N] [R-NH-NH-R] [R-N=R, R-N=N-R] [Rc=NR-NT =0
CHON Groups g T Amide
[R3N*-07, R-N=0, R-0-N=0, R-N*(=0)0, R-0-N*{=0)07] [R(C=0)NRZ]
CHS Groups I Thial Thioether Palysulphide Il Thiocarbonyl
[R-H] [R-5-R] [R-S-5-R, R-5-5H] [R{C=5)R, R{C=5}H]
‘CHOS Groups [ sox [R25=0, RIS(=0)2, R-0-5(=0)-0-R, R-0-5(=0)2-0-R]
CHX Grou
[¥=F. cl, Br?;s] Halogen [R-x]
[ radical Charges Ionic Solvation
Physical
Polymer
Security code:

[Type only numerical characters. Ignore letters and spedal characters.]

This Search Method was already used 42 times



Pesquisa de compostos

1. Melecular ID: C0018%%
Compound Name: 1,2-Dimethylbenzene
Molecular Formula:  CgHigp
CAS registry number: 35-47-6
SMILES: CclooooclC, CC1=CC=CC=C1C
More info:
2. Molecular ID: C001513
Compound Name: 4Ethyl-1,2-dimethylbenzene
Molecular Formula:  CygHis
CAS registry number: 934-80-5
SMILES: Cricc{CC)earlC, CC1=CC(CC)=CC=C1C
-
3. Molecular ID: C0O01915
Compound Name: 1-Ethyl-2, 3-dimethylbenzene
Molecular Formula:  CigHis
CAS registry number: 333-28-2
SMILES: Ccloooe{CC)c1C, CC1=CC=CC{CC)=C1C
re i
4. Molecular ID: CO01999
Compound Name: 2,3-Dimethylphenal
Molecular Formula: CgHigD
CAS registry number: 525-75-0
SMILES: Oclooee(C)ell, OC1=CC=CC{C)=CiC
—
5. Molecular ID: CO02008
Compound Name: 3,4-Dimethylphenol
Molecular Formula:  CgHigO
CAS registry number: 95-65-8
SMILES: Oclcee(C)e(C)el, OC1=CC=c{C)c(c)=C1
-
6. Molecular ID: CO02072
Compound Name: 2,3-Dimethylbenzoic add
Molecular Formula: CsHipO;

You are searching for: 1,2-Dimethylbenzene . Number of compounds found: 6

CAS registry number: 603-73-2

SMILES:

More info:

0=C(0)ciceee(C)ciC, 0=C(0)C1=CC=CC(C)=C1C

Monday, October 11, 2010

1,2-Dimethylbenzene

Molecular 1D: 001899 [ 1,200
Other Names: o-tylene; o-Di o-Xylol; 1,2-Xylene; z UN 1307;
CASRMN: 95-47-6 Molecular Formula: CeHio

Molecular Weight:  106.17 Physical State: Liquid

SMILES: CclereeelC, CC1=CC=CC=CIC

Unique SMILES: [ (0] (k) [eH feH] [eH) HCH3ICH3], [C] 1(=[CI([CH] =[CH][CH] =[CH] D[CH3])[CH3]

Standard Molar Enthalpy of Formation [kJ/mol]:

* Crystalline Phase: na. Error: n.a.
o Liquid Phase: -24.400  Error +/-1.000
* GasPhase 19,100 Error: +/-1.000

Standard Molar Enthalpy of Phase Change at 298.5 K [k/mol}:

* Solid - Liquid n.a. Error: n.a.

« Liquid - Gas. 43,400 Error +/-0.000

« Solid - Gas na. Error: n.a.
Observations: na.
1. 1.B.Pedey

i of Organic vol.1, 1984, 571

2. 1.B. Pedey, R. D. Navier, 5. P. Kirby

Thermochemical Data of Organic Compounds, anded., 1986, 792

Printihis Page | [ Save Pageas PDF




Funcionalidades do Therminfo:
ELBA

1. Nova parametrizagcao do método aditivo de Laidler para estimar
entalpias de hidrocarbonetos:

 Melhores estimativas;
- Associa um significado fisico ao valor dos parametros;

«  Nao se deixa limitar pelo elevado numero de parametros (conjunto de
165 parametros para cada estado fisico/mudanga de estado).

2. Extensdes importantes:

- o tipo de ligagoes entre os atomos e a influéncia das ligagoes vizinhas;
o tipo de cadeia: linear, ramificada, e ciclica;

+ interacgdes nao ligantes e esteroisomeria;
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Funcionalidades do Therminfo:

ELBA

Arquivo Editar Ver Atom Bond Tools Templates
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You are predicting properties for:

SMILES: C=CC1000c1

Compound Name:

More Info:

You are predicting properties for:

Ethenylcyclohexane SMILES:  ccoiccec(=C)ct

Experimental Standard Molar Enthalpy of Formation at 298.15 K for C=CC1CCCCCL [KI/mel]:

Gas-phase:

Liquid-phase:

-43.90

88,70

Compound Name: Ethenyloycdohexane Molecular Weight:  110.19676

Estimated Standard Molar Enthalpy of Formation at 298.15 K using ELBA for CCC1COCC(=C)C1 [k3/mol]:

Gas-phase:

Liquid-phase:

-68.77 1143

Number of compounds found on the database: 2

EENL]

Set of ELBA parameters used to predict properties of COC10C0C(=C)C1

* Experimental and Estimated Properties for similar compounds found on the database: *

[elinilo] el [s] (el e Bd [ s (=

| Load SMILES

@ ELBA Use Short Description
parameter  Frequency
@ Molecular ID: CO01625 fere) 2 bond between two carbon atoms bonded to two carbon atoms [C-C bond for Alkanes]
@ Compound Name: Ethenylcydohexane s N bend beteen a carbon stom bonded to to carbon atoms and a carbon atam banded to three carbon atoms [C-C
bond for Alkanes]
@ Molecular Formula:  CgHiq
D ra CiH 3 bond between a hydrogen atom and a carbon that is bonded to one carbon atom [C-H bond for Alkanes]
Molecular Weight: 110,20
H i bond between a hydrogen atom and a carbon that is bonded to three carbon atoms [C-H bond for Akanes]
SMILES: C=CC1CCCCCL
@ o . bond between a carbon atom bonded to to carbon atoms and a carbon atom involved in a double bond and
) - bonded to three carbon atoms [C-C bond for Alkenes]
@ Properties Prediction:
75602 4 secondary carbon atom in a six-carbon ring [strain parameter for cycloakanes]
e 1 double bond between  carbon atom bonded to one carbon atom and a carbon atom bonded to three carbon
atoms [C-C bond for Akenes]
Molecular ID: CO02671 756D3 1 double bond connected directly to a six-carbon ring [strain parameter for cycloakanes]
Compound Name: 2-Methylene-bicydo[2. 2. Z]octane 75603 1 tertiary carbon atom in & six-carbon ring [strain parameter for cycloakanes]
. Molecular Formula: CoHiq EE " bond between 2 carbon atom bonded to one carbon atom and a carbon atom bonded to two carbon atoms [C-C
@ bond for Alkanes]
Molecular Weight: 172.21
an 10 bond between a hydrogen atom and a carbon thatis bonded ta twa carbon atoms [C-H bond for Alkanes]
SMILES: C=C1C(CC3)CCcacL
D1H 2 bond between a hydragen atom and a carbon that is only invelved in a double bond [C-H bond for Alkenes]
Properties Prediction: si-atoms ring having: one double band in the ring, in the presence or absence of one substituent (76 is muitplied
by two). one double bond in the ring, in the presence of two substituents (6 is multiplied by four). twa conjugated
26 4 double bonds in the ring, in the absence of one substtuents (26 is muitpied by eight). two conjugated double

bonds in the ring, in the presence of one or two substituents (Z6 is multiplied by five) [conformational parameter for
cycoalkenes]




Direccoes Futuras

Estimar os parametros ELBA em falta;

Implementar o ELBA para as restantes

familias de compostos quimicos;

Aplicar e comparar outros métodos de data-

mining para estimar entalpias de formacao;

Aplicar estes métodos para estimar outras

propriedades termoquimicas.




Direccoes Futuras

1. Utilizacao de matrizes de distancias entre cada um dos atomos do
composto e outros descritores estruturais(?) a definir

. 0 -
: A molfile for 2-butanone :
E CpenBakbel04121017302D E
R 4 0 O O O O O 0O 0O 1 WZ000 E
E g 2.2954 2.0277 0.0000 o o o o O O O O O O 0O 0 F
i ﬁ 3.2617 0.3611 0.0000 o o o o O O O O O O 0O 0 =
=5 2.2954 0.5%1l66 0.0000 o o o o O O O O O O 0O 0 E
E E 1.3372 0.3611 0.0000 o o o o O O O O O O 0O 0 = ) o )
= E' 0.2750 0.9166 0.0000 0 o 0 o 0 o 0 o 0O o 0 0 E Termos laidler vs dIStanCIanperlmentaI
: < o dos diferentes tipos de ligacGes
5 750.00
. L]
: G 700.00 - Triple bonds
E 0 650.00
: M END ™,  Tabela de conectividade 600.00
U & 1 &
8‘50'&]' Aromatic C-C bands
400.00 1
Shared aromatic bond

350.00 - smnmsm/

300.00 |

250.00 T . . . .

1.1 1.2 1.3 1.4 1.5 1.6 1.7



v

“The future of chemistry depends on the
automated analysis of chemical knowledge,
combining disparate data sources in a single
resource which can be analyzed using
computational techniques to assess and build
on these data.”

Townsend et al. (2004)

http: / /www.therminfo.com



